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Chapter 4

Forwards, futures and swaps
- Ho'p dong ky han, ho'p déng
twong lai va hoan doi

UNITY I EXCELLENCE - LEADERSHIP



Chapter outlines — vy chinh cua chuong

1. Determine forward/future price (Xac dinh gia ky han/TL)

2. Value forward contracts (Pinh gia hgp dong ky han/hop
dong tuong lai)

3. Swap (Hodn dai trong tai chinh)

4. Value swaps (Pinh gida hoan doi)

NITY =™ EXCELLENCE = L.EADERSHIP



Determination of Forward and Futures Prices
Xac dinh gia ky han va tuong lai

Read more in John Hull’'s book, chapter 5.

UNITY - EXCELLENCE - LEADERSHIP



= Short Selling (o2

» Short selling involves selling securities you do
not own.

* Your broker borrows the securities from another
client and sells them in the market in the usual
way.

WNITY = EEXCELLENCE = L.EADERSHIP



" Consumption vs Investment Assets

* |Investment assets are assets held by significant
numbers of people purely for investment
purposes (examples: gold, silver)

» Consumption assets are assets held primarily
for consumption (examples: copper, oil)

NITY =™ EXCELLENCE = L.EADERSHIP



= Short Selling (o2

* At some stage, you must buy the securities so
they can be replaced in the account of the client.

* You must pay dividends and other benefits the
owner of the securities recelives.

* There may be a small fee for borrowing the
securities.

NITY =™ EXCELLENCE = L.EADERSHIP



Example

* You short 100 shares when the price is $100 and
close out the short position three months later
when the price is $90.

* During the three months, a dividend of $3 per
share Is paid.

* What is your profit?

* What would be your loss if you had bought 100
shares?

NITY =™ EXCELLENCE = L.EADERSHIP



Notation for Valuing Futures and Forward Contracts

S, Spot price today

F, : Futures or forward price today
T : Time until delivery date

r : Risk-free interest rate for maturity T



7 An Arbitrage Opportunity?

* Suppose that:
* The spot price of a non-dividend-paying stock is $40.
* The 3-month forward price is $43.
* The 3-month USS interest rate is 5% per annum.

* |sthere an arbitrage opportunity (ignoring transaction costs)?

Yes!

If we borrow $40, buy a share and sell with forward price, we get $43.
Pay the interest for 3 months: 5%/ 4 x 40 = 0.5 (S)

After 3 months, we obtain how much per share?

LINITY =™ EEXCELLENCE ™ L.EADERSHIP
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. Another Arbitrage Opportunity?

* Suppose that:
* The spot price of non-dividend-paying stock is S40.
* The 3-month forward price is USS39.

* The 1-year USS interest rate is 5% per annum (continuously
compounded).

* |s there an arbitrage opportunity (ignoring other costs)?

NITY =™ EXCELLENCE = L.EADERSHIP



' Another Arbitrage Opportunity?

* Suppose that:
* The spot price of non-dividend-paying stock is S40.
* The 3-month forward price is USS39.
* The 1-year USS interest rate is 5% per annum (continuously
compounded).
* |s there an arbitrage opportunity (ignoring other costs)?

* Yes, borrow a share, short sell to get $S40. Put $S40 to the bank to
get 5% interest. In the same time we set up a forward contract to
buy the share back in 3 months, we only need to pay $39 after 3
months to get the share and close the short position.

* Calculate the profit in this case?

QINITY = EXCELLENCE = RL.EADERSHIP



he Forward Price (equation 5.1)

If the spot price of an investment asset that provides no

Income Is S, and the futures price for a contract
deliverable in Tyearsis F,, then

F,=S,e"”
where r is the T-year risk-free rate of interest.

In our examples, S, =40, T7=0.25, and r = 0.05 so that

F, = 40e”™"% =40.50



If Short Sales Are Not Possible...

Formula still works for an investment asset because
investors who hold the asset will sell it and buy forward
contracts when the forward price is too low.

WNITY = EEXCELLENCE = L.EADERSHIP
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When an Investment Asset Provides a Known Yield (equation 5.3)

_ (r—q)r
F,=S,e

where g is the average yield during the life of the
contract (expressed with continuous compounding)

UNITY - EXCELLENCE o LEADERSHIP



When an Investment Asset Provides a Known Income (Equation 5.2)

F, =(S,-1)e"

where | is the present value of the income during life
of forward contract

UNITY - EXCELLENCE o LEADERSHIP



~— Forward vs Futures Prices

* When the maturity and asset price are the same,
forward and futures prices are usually assumed to be
equal. (Eurodollar futures are an exception)

* In theory, when interest rates are uncertain, they are
slightly different:

* A strong positive correlation between interest rates and the
asset price implies the futures price is slightly higher than
the forward price

* A strong negative correlation implies the reverse

NITY =™ EXCELLENCE = L.EADERSHIP
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* Can be viewed as an investment asset paying a dividend vyield.

* The futures price and spot price relationship is therefore,

_ (r-q)T
F,=S,e

where g is the average dividend yield on the portfolio
represented by the index during life of contract.



StOCk | ndex (continued)

* For the formula to be true, it is important that the index represent an
Investment asset.

* In other words, changes in the index must correspond to changes in the
value of a tradable portfolio.

* Thze Nikkei index viewed as a dollar number does not represent an
investment asset (See Business Snapshot 5.3)



Index Arbitrage (1.f2)

 When F, > Soe““‘”T an arbitrageur buys the

stocks underlying the index and sells futures.

* When F <S e ?" an arbitrageur buys futures

and shorts or sells the stocks underlying the index.



Index Arbitrage (2of2)

* Index arbitrage involves simultaneous trades in futures
and many different stocks.

» Very often a computer is used to generate the trades.

» Occasionally simultaneous trades are not possible and
the theoretical no-arbitrage relationship between

F, and S, does not hold (see Business Snapshot 5.4)



Futures and Forwards on Currencies (equation 5.9)

» Aforeign currency is analogous to a security providing a
vield (twvong tw nhwy mot chirng khoan co sinh lai ry)
» The yield is the foreign risk-free interest rate.

* Itfollows that r, is the foreign risk-free interest rate.

- (r—r; )T
F,=S,e"
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Explanation of the Relationship Between Spot and Forwarad
(Figure 5.1)

1000 units of
foreign currency
(time zero)

1000e"" units of
foreign currency
attime T

1000F,e"’ 1000S,e'™
dollars at time T dollars attime T

UNITY = EEXCELLENCE = L.EADERSHIP

10005, dollars
at time zero




4 Consumption Assets: Storage is Negative Income (equations 5.11 and 5.12)

(r+u)l
F, <S,e

where u is the storage cost per unit time as a percent of the
asset value.

Alternatively,

F, <(S,+U)e"”

where U is the present value of the storage costs.



The COSt Of Ca rry (Equation 5.19)

* The cost of carry, ¢, is the storage cost plus the interest costs
less the income earned

* For an investment asset F, =S.e”’
» For a consumption asset F, <S,e

* The convenience yield on the consumption asset, y, is defined
so that

| (c-y)l
F,=S,e



Futures Prices & Expected Future Spot Prices (equation 5.20)

* Suppose k is the expected return required by investors in
an asset.

* \WWe can invest Foe‘” at the risk-free rate and enter

into a long futures contract to create a cash inflow of
S. at maturity.

* This shows that
Fe''e" =E(S;)

or
F, = E(S; )e" ™"



Futures Prices & Future Spot Prices (continued)

No Systematic Risk kK=r

F, = E(S;)
Positive Systematic Risk K>r F <E(S.)
Negative Systematic Risk k<r F, > E(S,)

Positive systematic risk: stock indices
Negative systematic risk: gold (at least for some periods)



Valuing a Forward Contract

* A forward contract is worth zero (except for bid-offer spread
effects) when it is first negotiated.

* Later, it may have a positive or negative value.

* Suppose that K is the delivery price and M

is the forward price for a contract that would be negotiated today.



Valuing a Forward Contract (equation 5.4)

* By considering the difference between a contract with delivery
price K and a contract with delivery price

F, we can deduce that:
— the value of a long forward contract is
(Fo _K)e_rT

— the value of a short forward contract is

(K-F))e™"



Valuing the forward contract

* A long forward contract on zero-coupon bond was established some
months ago. There is 9 months from now to the maturity of the
forward contract, which happens before the maturity of the bond.
The bond spot price is $48, the delivery price in forward contract is
S48.5, the 9-month risk-free rate is 5% compounded continuously.
Value the above forward contract?

NITY =™ EXCELLENCE = L.EADERSHIP



" Solution.

The forward price in 9 months (0.75 year) should be
Fo=48 x 005x0.75=49 8342 (9).
The value of the forward contract approximates

f=(49.8342 — 48.5) x e0-0>x0.75=1 2851 ().

UNITY - EXCELLENCE o LEADERSHIP



Excercises

* Chapter 5 in Hull's book.

UNITY - EXCELLENCE o LEADERSHIP



Swaps — hodn doi

UNITY - :XCELLENCE = L_EADERSHIP
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Nature of Swaps

A swap is an agreement to exchange cash flows at
splecn‘led future times according to certain specified
rules.

UNITY = EEXCELLENCE = L.EADERSHIP



An Example of a “Plain Vanilla” Overnight Indexed Swap

* The deal entered into on March 8, 2022, where Apple agrees

to receive 3-month SOFR and pay a fixed rate of 3% per annum

every 3 months for 2 years on a notional principal of $100
million.

* Next slide illustrates cash flows that could occur (Day count
conventions are not considered).
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= Cash Flows to Apple for One Outcome (fable 7.1

Date SOFR Rate (%) Floating Fixed Paid Net cash flow
Received (‘000s) (‘000s)
(‘000s)
June 8, 2022 2.20 550 750 -200
Sept 8, 2022 2.60 650 750 -100
Dec. 8, 2022 2.80 700 750 —30
Mar. 8, 2023 3.10 775 750 +25
June 8, 2023 3.30 825 750 +75
Sept 8, 2023 3.40 850 750 +100
Dec 8, 2023 3.60 900 750 +150
Mar 8, 2024 3.80 950 750 +200

UNITY = EXCELLENCE = L.EADERSHIP



Determination of Risk-Free Interest Rates

* OIS rates out to one year define zero rates because
they typically involve a single exchange.

* OIS rate for contracts lasting longer than one year
define par yield.

* The bootstrap method can be used to determine the
Zero curve.

NITY = EEXCELLENCE = L.EADERSHIP



Bootstrap Example (abie7.3

OIS Maturity OIS Rate Compound. Zero rate
Freq. (cont comp.)
for OIS rate

1 month 1.8% Monthly 1.7987%

3 months 2.0% Quarterly 1.9950%
6 months 2.2% Semiannually 2.1880%
12 month 2.5% Annually 2.4693%
2 years 3.0% Quarterly 2.9994%

5 years 4.0% Quarterly 4.0401%




/ero Rate Given by Bootstrap Method (rigure 7.2)

4.50%
4.00%
3.50%
3.00%
2.50%
2.00%
1.50%
1.00%

0.50% Maturity (years)

0.00%
0 2 e 6 8 10

Zerorate
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* Converting a liability from:
* fixed rate to floating rate
* floating rate to fixed rate

* Converting an investment from:
* fixed rate to floating rate
* floating rate to fixed rate



£ OIS Between Apple and Citigroup (rigure 7.)

3.0%
Floating




'f Apple Transforms a Liability from Floating to Fixed

(Figure 7.3)

Floating+0.1%

Apple

3.0%
Cit1

Floating

UNITY - EXCELLENCE - LEADERSHIP



" Interest Rate Swap Between Citigroup and Intel

2.97%

Floating



Intel Transtforms a Liability from Fixed to Floating (rigure 7.4)

2.97%
. 3.2%
Cit1 Intel >

Floating



Apple Transtorms an Asset from Fixed to Floating (rigure 7.5)

3.0% e
Floating



Intel Transforms an Asset from Floating to Fixed (rigure 7.6)

2.97%
.. Floating—0.2%
Cit1 Intel 04U ’

Floating



" Quotes By a Swap Market Maker (s

Maturity Bid (%) Ask (%) Swap Rate (%)
2 years 2.97 3.00 2.985
3 years 3.05 3.08 3.065
4 years 3.15 3.19 3.170
5 years 3.26 3.30 3.280
/ years 3.40 3.44 3.420
10 years 3.48 3.52 3.500

QINITY = EXCELLENCE = RL.EADERSHIP



* A day count convention is specified for fixed and
floating payments.

* For example, SOFR is likely to be actual/360 in the
U.S.

* The fixed rate might be quoted with actual/365 or
30/360.



Confirmations

* Confirmations specify the terms of a transaction.

* The International Swaps and Derivatives has
developed Master Agreements that can be used to
cover all agreements between two counterparties.

* CCPs are used for standard swaps between two
financial institutions.



The Comparative Advantage Argument (table 7.5)

* AAACorp wants to borrow floating
* BBBCorp wants to borrow fixed

Fixed Floating

AAACorp 4.00% Floating ref — 0.1%
BBBCorp 5.20% Floating ref + 0.6%




" Example

AAA Corporation and BBB Corporation are offered some rates as the below table.

Fixed Floating
AAA 4.0% -0.1% + 6-month LIBOR
BBB 2.2% 0.6% + 6-month LIBOR

AAA Corporation wants to borrow floating rate less than the above offer (6-month
LIBOR - 0.1%). BBB Corporation wants to borrow fixed rate less than the offer at 5.2%.

a. How to design a suitable direct trading swap so that both sides get what they

want?
b. In case the two sides make the swap via a financial institution and the financial

Institution charge each side 2 basis points (0.02%) then how the swap would be?

UniTY = EXCELLENCE = LEADERSHIP



Solution.

We want to calculate the fixed rate r so that both side gain equally.
Note that the fixed interest difference

52% - 4% =1.2%.
The difference in two floating interests
LIBOR + 0.6% - (LIBOR -0.1%) =0.7%
Using interest swap, the interest gains for each side should be
(1.2% - 0.7%) 12 = 0.25%.

So, one could design an interest swap such that AAA Corporation could borrow with a
better floating rate

LIBOR - 0.1% - 0.25% = LIBOR - 0.35%

and BBB Corporation could borrow better fixed rate

9.2% - 0.25% = 4.95%.

The new floating rate for AAA Corporation
LIBOR + 4% -1 = LIBOR - 0.35% sor =4.35%.

UNITY - EXCELLENCE o LEADERSHIP
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| The Swap When a Financial Institution (F.I1.) Is Involved (igure 7.8

4 33% 4.37%

4% Floating+0.6%
AAACorp F.I BBBCorp

Floatlng Floating

UNITY o EXCELLENCE = LEADERSHIP



Criticism of the Comparative Advantage Argument

* The 4.0% and 5.2% rates available to AAACorp and BBBCorp in
fixed rate markets are 5-year rates.

* The rates available in the floating rate market are 3-month
rates.

* BBBCorp’s fixed rate depends on the spread above floating it
borrows at in the future.



Valuation of an Interest Rate Swap

* Initially, interest rate swaps are worth close to zero.

* At later times, they can be valued as a portfolio of
forward rate agreements (FRAS).

* The procedure is to:
* Calculate floating forward rates

* Calculate the swap cash flows that will occur if floating
forward rates are realized

* Discount these swap cash flows at OIS rates



Valuation of an Interest Rate Swap

* Ban dau, hoan doi cé gia tri 0. MOt thoi gian sau, nd ¢co
thé co gia tri khac 0 (dwoc dinh gia twong tw mot danh
muc cac hgp dong 13i suat ky han — FRAS).

* Cac budc tién hanh dinh gia:

* Xac dinh Idi suat ky han tha noi
* Tinh todn dong tién hoan doi
* Chiét khau dong tién thu duoc theo 13i suat OIS



Example /.1 (1 of 2)

* Swap involves paying 3% per annum and receiving SOFR every
six months on $100 million.

* Swap has 1.2 years remaining (exchanges in 0.2, 0.7, and 1.2
vears).

* Risk-free rate for 0.2, 0.7, and 1.2 years are 2.8%, 3.2% and
3.4%, respectively (continuously compounded).

* Rate observed for last 0.3 years is 2.3% continuously
compounded.



Example /.1 (2 of 2)

* Floating rate for the exchange at 0.2 years is assumed to be

06x2.3%+04%x2.8% or2.50% (cont. comp.) or 2.516% (sa)

* Forward rate for 0.2 to 0.7 years is 3.36% (cont. comp.) or 3.388% (sa)
* Forward rate for 0.7 to 1.2 years is 3.68% (cont. comp.) or 3.714% (sa)



Calculations — tinh toan (S million)

Time Fixed cash | Floating Net cash Discount PV of net
(yrs) flow cash flow | flow factor cash flow
0.2 —1 5000 |+1.258 —-0.241 | 0.9944 —0.242
0.7 _1 5000 |+1.694 +0.194 0.9778 +0.190
1.2 —1.5000 | +1.857 +0.357 0.9600 +0.343
+0.292

Value of swap is $0.292 million.




Value Changes Through Time

* To party paying fixed:

* How is swap value expected to change through time when
term structure is upward sloping? (See more at figure 7.9,
page 186)

* How is swap value expected to change through time when
term structure is downward sloping?



An Example of a Fixed-for-Fixed Currency Swap (rigure 7.10)

Five-year agreement by BP to:
* Pay 3% on a US dollar principal of $15,000,000
* Receive 4% on a sterling principal of £10,000,000



Exchange of Principal

* |n an interest rate swap, the principal is not exchanged.

* |n a currency swap, the principal is exchanged at the
beginning and the end of the swap.



The Cash Flows (Table 7.6)

Date Dollar Cash Flows Sterling cash flow
(millions) (millions)

Feb 1, 2022 +15.00 ~10 .00

Feb 1, 2023 —0 .45 +0.40

Feb 1, 2024 +0.40

—0.45

Feb 1, 2025 _0 .45 +0.40

Feb 1, 2026 _0 45 +0.40

Feb 1, 2027 _15 45 +10.40




Typical Uses of a Currency Swap

* Conversion from a liability in one currency to a liability in
another currency.

* Conversion from an investment in one currency to an
investment in another currency.



Comparative Advantage May Be Real Because of Taxes

* General Electric wants to borrow AUD.
* Quantas wants to borrow USD.

Borrowing costs after adjusting for the differential impact of
taxes could be:

uSD AUD

General Electric 5.0% 7.6%

Quantas 7.0% 8.0%




Valuation of Fixed-for-Fixed Currency Swaps

Fixed for fixed currency swaps can be valued either using

forward rates or as the difference between 2 bonds.

UNITY = EEXCELLENCE ™ L.EADERSHIP



' Valuation of other Currency Swaps

* Fixed-for-floating: equivalent to a fixed-for-fixed currency swap plus a
fixed for floating interest rate swap

* Floating-for-tloating: equivalent to a fixed-for-fixed currency swap
plus two floating interest rate swaps

WINITY = EEXCELLENCE = KEADERSHIP



Currency swap example (fixed-fixed)

* All Japanese interest rates are 1.5% per annum (cont. comp.).
* All USD interest rates are 2.5% per annum (cont. comp.).

* 3% is received in yen; 4% is paid in dollars. Payments are made
annually.

* Principals are $10 million and 1,200 million yen.
* Swap will last for 3 more years.

* Current exchange rate is 110 yen per dollar.



Hodn ddi tién té (13i suat cd dinh)

- Tat ca céc |ai suat cta yén Nhat Ban 1a 1,5% moi nam (gop
lién tuc).

- Tat ca cac lai suat USD déu 1a 2,5% mot nam (gdp lién tuc).

» Nhan 3% bang dong yén; trd 4% bang dd la. Thanh toan duwoc
thwe hién hang nam.

* SO tién hoan do6i ban dau la 10 triéu do la va 1200 triéu yén.
 Hoan dbéi sé kéo dai thém 3 nadm nira.

» Ty gia hdi doai hién tai la 110 yén mot db la.

Ref p173 (199) Ver. 10.



Valuation in Terms of Forward exchange Rates — Pinh gia dung ty gia
trao doi ky han (exp 7.2 Ver 11, 7.3 in Ver 10, p.172(198), chd y CT 1y gid (5.9) p.121(146) )

Time Dollar Yen cash Forward Dollar Net cash Present
Cash Flow flow exchange value of flow value
rate yen cash (dung
(1 Yéntrong | flow chiét
TL béng ?S) khéu theo
S)
1 +36 0.009182
0.4 0.3306 1 _0.0694 | -0.0677
2 +36 0.009275
-0.4 0.3339 | _0.0661 | —0.0629
3 +1236 0.009368 11.5786 +1.1/86 +1.0934
-10.4
Total +0.9629




Valuation in Terms of Bonds- Pinh gia theo trai phiéu

(Vd 7.3, (S)r=0.025, re=0.015 gop I. t.)

Time Cash Flows (S PV Cash flows PV ( millions
Thoi gian millions) (S millions) (millions of of yen)
Dong tién Gid tri HT yen)
1 0.4 0.3901 36 35.46
2 0.4 0.3805 36 34.94
3 10.4 9.6485 1,236 1,181.61
Total 10.4191 1,252.01

Value =1252.01/110-10.4191=+0.9629 millions of dollars




" Exercises — Bai tap

A financial institution has a currency swap for some years ago with principals are $120
million and 14 000 million yen. Once per year they pay 3.5% in dollars and receive 3%
In yen. All Japanese interest rates are 1.2% per annum and USD interest rates are

2.2% per annum, compounded continuously. The swap would last for another 3 years.
The current exchange rate 1s 105 yen for 1 dollar, compute the current value of the

swap?

M6t to chire tai chinh da hoan doi tién té cach day vai nam véi so tién goc 1a 120 triéu dé
la va 14 000 triéu yén. Moi nam mot 1an ho tra 3,5% bang dé la va nhan 3% bang yén.
Tat ca 1ai suat cua yen Nhat 1a 1,2% / nam va lai suat USD la 2,2% / nam, dwoc cong
gop lién tuc. Viéc hoan doi sé kéo dai thém 3 nam nira. Ty gia hoi doai hién tai la 105 yén
déi 1 d6 la, hay tinh gia tri hién tai ctia giao dich hoan doéi?

UNITY = EXCELLENCE - LEADERSHIP
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